Abstract. Indeterminate growth habit in lima bean is inherited as a single gene dominant. A qualitative short-day photoperiodic response for flowering appears to be controlled by duplicate dominant genes with coupling linkage to the gene for growth habit. Partial epistasis of the determinate growth habit on genes for short-day response is suggested.
Accessions of tropical South American lima beans typically require short photoperiods for flower production and have an indeterminate viny growth habit. I found no detailed genetic analysis of the inheritance of these traits in the literature. When hybridized with dayneutral, determinate cultivars, the tropical phenotype is dominant in the F,. Complementary dominant genes were shown to control a quantitative short-day response in P. vulgaris L. with expression modified by temperature (Coyne, 1967) . A single dominant gene gave indeterminate growth. Coupling linkage was reported to occur between genes controlling determinate plant habit and early flowering, with an estimated crossover value of 8.4% (Coyne and Schuster, 1974) .
The investigation reported here presents evidence for a similar pattern of inheritance of flowering response to photoperiod in lima beans. Flowering response in lima beans has been characterized as day neutral and qualitatively short day (Salisbury, 1963) . Harding et al. (1981) described the presence of quantitative responses as well. All short-day parents in the present study are qualitative, with an apparent absolute requirement for photoperiods of ≤ 12 h.
Five F 2 families of day-neutral, determinate × short-day, indeterminate parents were field grown during five summers at Lafayette, Ind. Parent lines are presented in Table  1 . Plantings were made the first week of June and segregating populations classified for flowering response from mid-to late August, beginning 1 month after anthesis in day-neutral parents. Seeds were planted at ≈30− cm intervals to reduce interplant competition and to facilitate accurate scoring of the segregants. Greenhouse populations of two of these Received for publication 7 Feb. 1991. Accepted for publication 27 Sept. 1991. Purdue Univ. Agricultural Experiment Station Journal Paper no. 12,847. Mention of trade names in this publication does not imply endorsement by the Purdue Agricultural Experiment Station of products named, nor criticism of similar ones not named. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact.
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families were grown in 2-liter plastic pots from late winter to early summer under an 18-h photoperiod and scored over an extended period of increasing ambient temperature, with maxima ranging from 23 to 37C.
Field segregation of two families agrees with single-gene dominant control of indeterminate growth habit ( Table 2 ). The other three families had an excess of determinate plants; however, one, P-10 x BGH 273, gave a nonsignificant x 2 in a greenhouse population. All families except 'Bridgeton' x BGH 838 had from 15% to 20% lethal and "cripple" plants similar to those described by Coyne (1965) in P. vulgaris. In the field, most of these plants either died as seedlings or could not be classified reliably. Their presence would have skewed the progeny distribution if nonrandomly associated with the traits being scored. The consistent excess of determinate plants suggests this possibility. In the greenhouse, most stunted plants survived long enough to allow phenotypic classification. Finke et al. (1986) postulated a three-gene additive model to explain the segregation of normal and crippled plants in a study involving P. vulgaris parents of diverse origin. Inheritance of the cripple condition was not critically studied in my tests.
A 9:7 ratio gave the best fit for field segregation of flowering, although two families have very highly significant x 2 ; short-day segregants-were in excess in each case (Table  3) . Greenhouse populations, in contrast, provided a good fit to a 9:7 ratio. If there is selective deficiency of day-neutral plants due Accessions that segregated for "crippled" plants in crosses with P-10. z Day-neutral determinate parents are underlined. Table 5 . Segregation for flowering due to a photoperiod response of F 3 lima bean families from determinate, short-day selfed F 2 selections of Bridgeton x BGH 838 (F 2 ).
to the presence of lethals, the pattern was not consistent. The large P-10 x BGH 836 F 2 family, for example, showed excellent agreement to a 9:7 ratio, and it has lethals. The indeterminate parents represented a heterogeneous array of accessions (Erickson, 1982) , and it is possible that genetic modifiers exist for the traits themselves and, further, any associations with lethal factors could vary among populations.
photoperiod may be complex.
Plant photoperiodic response can be modified by temperature. Delayed flowering of some common bean (P. vulgaris) cultivars was associated with high temperatures (Coyne, 1970) . Leyna et al. (1982) suggested that under lower night temperatures, a single gene for delayed flowering was activated, whereas more than one gene was activated under high temperature. This temperature x photoperiod interaction concept was further refined to include two gene systems (D.H. Wallace, communication at the W-150 Regional Project Meeting, Michigan State Univ., 1986). Gene system 1 relates to the number of nodes produced before the first flower bud was visible (node to first flower), which increases with mean temperature in photoperiodically sensitive plants and can give delayed flowering at high temperatures. Gene system 2 relates to rate of node development and is temperature sensitive independent of photoperiod, giving earlier flowering at increasing temperatures. Harding et al. (1981) reported on photoperiodic reaction in qualitative and quantitative day-length-responsive lima beans. They found that nodes to first flower was often related to a specific number of daylight hours, within the photoperiodic range that permitted flowering. This response varied among cultivars. They concluded that genetic control of response to From the foregoing, it is apparent that environment × genotype interaction and/or the presence of lethals could have influenced the segregation ratios obtained in this study. All short-day parents and F 1 hybrids were qualitative, or discontinuous, short-day plants, i.e., they failed to flower under any observed environmental condition that exceeded ≈12 h of light. These perennial plants have remained vegetative for several years in the greenhouse under long-day regimes that included reduced light intensity and temperature in the winter and high temperature and intense light in the summer. In this respect, they differ from the P. vulgaris studies referred to above, where flowering eventually occurred under long days in the field or in controlled-climate chambers. Segregating F 2 progenies would have incorporated any quantitative genes for photoperiod and or photoperiod-temperature interactions that may have been present in the parents, giving delayed flowering in the field under long days, and these may have been erroneously classified as qualitative short-day plants, accounting for their recorded excess. Data in a greenhouse were collected over 3 months following anthesis of the earliest plant, under a constant 18-h photoperiod, increasing the likelihood of detecting segregants with greatly delayed flowering. These then would have been correctly classified as day neutral, according to the criterion used in this study. Greenhouse populations, and progenies of 'Bridgeton' parentage, where lethals were absent, would seem to provide the most reliable data and indeed are in closest agreement with expected ratios. to complementary dominant genes for a shortday photoperiodic response, despite observed ambiguity in some field-grown populations. An excess of parental types over recombinants suggests coupling phase linkage between the gene for day-neutral response to photoperiod and determinate growth habit (Table 4 ). This excess of parental types occurs in each family. Epistasis of determinate habit on genes for short-day response was reported for P. aborigineus Burkhart by Rudorf (19.58) and incomplete epistasis was found in P. vulgaris by Coyne (1967) . Evidence for epistasis is seen in the proportionate excess of day-netural determinate segregants and the deficiency of short-day determinates in most crosses, relative to their companion parental and recombinant classes. Phenotypically, short-day determinate plants have tiny peg-like terminal inflorescences that fail to develop beyond a rudimentary bud stage under long days.
Four F 3 families derived from determinate, short-day segregants of 'Bridgeton' x BGH 838 (F 2 ) segregated for flowering in normal 3:1 or 9:7 ratios (Table 5) . Populations were small but all agreed with the twogene model, with segregation for either one (3:1) or both (9:7) genes. These data do not implicate the epistatic effect suggested above. Homozygous determinate, short-day lines have been developed from them and will be available for research purposes.
It is fortuitous from a plant breeding standpoint that the proportion of determinate day-neutral segregants is relatively large as a consequence of the apparent coupling-phase linkage and possible epistasis. Large populations of plant types adapted to temperate climates can be readily obtained from segregating populations of these widely divergent parents. About 20% of F 2 segregants are homozygous determinant day neutral, and this facilitates introgression of exotic germplasm into a commercial type background.
Phaseolus vulgaris and P. lunatus are toEvidence points to a single dominant major gene for indeterminate growth habit and tally isolated from one another reproductively. Yet despite evolutionary divergence, the inheritance of growth habit and photoperiod appears to have been conserved, even to the extent that similar linkage for the traits seems to exist in the two species. It should be emphasized, however, that this study addresses a qualitative photoperiodic response; comparison with the P. vulgaris studies involving a quantitative response may not be valid. 
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